Collisions between vehicles and pedestrians usually result in the fatality to the vulnerable road users (VRUs). Thus, new technologies are needed to be developed for protecting the VRUs. Based on the high density of pedestrians and limited computing capability of base stations, in this paper the cloud computing technologies are adopted to handle the huge amounts of safety-critical messages. Moreover, the wireless multi-hop backhaul technology is adopted to overcome the bottlenecks of limited transmission capability and queueing delay of the transmitted safety-critical messages between base stations and clouds. Based on the multi-hop wireless transmission scheme, the signal transmission success probability and delay between pedestrians and clouds are derived for performance analysis. Furthermore, numerical simulations are performed to illustrate the relationship between the transmission success probability and the received signal to interference plus noise ratio (SINR) threshold.
during the last ten years [7] . The main cause of traffic accidents is the inability of road users to detect and perceive oncoming dangers before a sufficient amount of time so that reactions for accident avoidance can be taken. Although supporting driving safety is a hot subject in the telecommunications field, the majority of the work has a focus on the V2V and V2I communications for the avoidance of inter-vehicle collisions [8] . VRUs safety solutions can be based on two classes of VRUs detection methods: a) classic sensor based [9] which employs sensors such as RADARs, LASER scanners, IR sensors and imaging sensors (computer vision); b) wireless communication between vehicles and vulnerable road users [10] .
In a LTE-based V2X network, there are huge amounts of safety-critical messages need to be transmitted by vehicles, pedestrians and base stations to ensure road safety. However, the computing capability of base stations are limited. Thus, the cloud computing technology should be utilized in LTE-based V2X networks to handle the huge amount of communication messages. And the scalability, resilience, adaptability, connectivity, cost reduction and high performance features of cloud computing technology have high potential to lift the efficiency and quality of information processing [11] , [12] . This paper mainly focuses on the success probability of communication and the round trip delay throughout the whole communication procedure among pedestrians, vehicles, base stations and cloud. The main contributions of this paper are three-fold: 1) By utilizing the automatic repeat-request (ARQ) technology as the reliable transmission technology of the network, closed-form formulas for transmission success probability and transmission reliability was derived in this paper. The corresponding simulation results indicate that the number of necessary retransmissions increases significantly with the increase of received SINR threshold; 2) The wireless multi-hop transmission was utilized to overcome the bottleneck of queueing delay of the transmitted safety-critical messages. Based on this configuration, the retransmit delay instead of queuing delay was derived in this paper, The corresponding simulation result shows that the retransmission delay increases rapidly with the increase of received SINR threshold; 3) Based on the proposed system model, the 1042 2018 18th IEEE International Conference on Communication Technology 978-1-5386-7635-6/18/$31.00 ©2018 IEEE transmission reliability and delay were derived in this paper. Based on simulation results, we found that the transmission delay and reliability were coupled. When the transmission reliability increases with the received SINR threshold, the transmission delay also increases simultaneously. The rest of this paper is organized as follows. Section II describes the system model of the whole communication procedure. Network performance metrics are also analyzed and derived in Section II. Numerical and simulation results are displayed in Section III. Finally, Section IV concludes this paper.
II. SYSTEM MODEL
In the system model of this article, wireless multi-hop technologies are adopted for communication among pedestrians and base stations, vehicles and base stations, base stations and clouds. Based on the fact that the probability of traffic accidents in urban areas with high vehicle density is much higher than that in other areas, a typical urban area is investigated in this paper. The system model in this paper is shown in Fig. 1 . Without loss of generality, the typical urban area is configured to be a circular area which includes the vehicles, pedestrians and base stations locate. Assuming that the selected area I is a circular area with a radius Rb. Base stations, pedestrians and vehicles are uniformly distributed in this area randomly. Assuming that two-dimensional Cartesian coordinate system xoy is selected, in which the selected circular area satisfies the equation: Based on the definition of LTE-based V2X networks, pedestrians and base stations, vehicles and base stations, base stations and cloud have the ability to communicate with each other. By assuming that the working spectrums of the three types of communications are different from each other, there is no cross-layer interference among different types of communications.
The whole communication procedure is divided into the following three parts: 1) Communication between pedestrians and base stations: A device (such as a smart phone) carried by a pedestrian transmits the relevant messages of the pedestrian (such as speed, location, etc.) to a base station;
2) Communication between vehicles and base stations: a)
A vehicle transmits its relevant messages (such as speed, location, etc.) to a base station; b) The base station transmits warning messages to the vehicle;
3) Communication between base stations and clouds: a)
A base station transmits the messages (such as pedestrians' messages, vehicles' messages, etc.) to cloud; b) The cloud transmits warning messages to the base station. 
III. VEHICLES TO PEDESTRIANS WIRELESS TRANSMISSIONS

A. Communication between Pedestrians and Base Stations
Assumed that the location of a base station is   0 0 , xy, the number of pedestrians in the selected area II is M. The
The distance di between the pedestrian and the base station is expressed as
based on the result in [13] , the probability density function (PDF)   d fx of the distance di between the pedestrian and the base station is expressed as
The received SINR at the base station from the pedestrian is expressed as
where MI is the number of interfering pedestrians, and
Pt is the transmit power of a pedestrian device, ht is the small scale fading experienced by the desired signal and hm is the small scale fading experienced by the interfering signal. Based on the assumption that the small scale fading of all channels are independent and identically distributed (i.i.d.) random variables following the Rayleigh distribution, i.e., ht and hm are governed by the exponential distribution with parameter λ. di is the distance between the i-th pedestrian and the base station, dm is the distance between the m-th interfering pedestrian and the base station, α is the path loss exponent, σ 2 is the power of the additive white Gaussian noise (AWGN).
PUS is the probability that the base station successfully receives a signal from the pedestrian device, and
Pr  is the probability that the expression in parentheses is true, and θ is the threshold of the received SINR at the base station.
By ignoring the shadowing [14] , PUS is expressed as   Pr Pr .
, ρ0 is the received signal to noise ratio (SNR) of a pedestrian device, then (4) is further derived by 
Based on [15] , the Laplace transform operation on the
Thus, the Laplace transform   z Ls is derived as (7), where   exp  is the exponential function and 
Based on (6) 
By substituting (9) 
Similar to [16] , by the Euler summation on (10), PUS in (5) becomes (11) . 
According to well established guidelines in [16] , [17] , the three parameters Ae, Be and Ce control the estimation error, which should be no less than ln10 t , 1.243 1 t  and 1.467t respectively to obtain a numerical accuracy of 10 -t . In order to obtain a numerical accuracy of 10 -8 , Ae, Be and Ce are configured to be 8ln10, 11 
 
Re  denotes the real part of the given variable in parentheses.
B. Communication between Vehicles and Base Stations
Assumed that the number of vehicles in the selected area hj is the small scale fading experienced by the desired signal and hn is the small scale fading experienced by the interfering signal. dj is the distance between the j-th vehicle and the base station, dn is the distance between the n-th interfering vehicle and the base station.
Based on (11), (12) and (13), the probability that the base station successfully receives the signal transmitted by the vehicle is PVS, and
C. Communication between Base Stations and Cloud
Assumed that the location of the cloud is   
, Pb is the transmit power of a base station signal. hk is the small scale fading experienced by the desired signal and hr is the small scale fading experienced by the interfering signal. dk is the distance between the k-th base station and the cloud, dr is the distance between the r-th interfering base station and the cloud.
Based on (11), (12) and (15) , the probability that cloud successfully receives the signal transmitted by the base station is PBS, and
D. Communication Delay
Considering wireless communication scenarios are limited in urban areas, the wireless propagation distance is short and the wireless propagation delay can be ignored compared with the signal processing delay in pedestrians, vehicles and base stations. Thus, we mainly focus on signal processing time.
1) Communication delay between pedestrians and base stations: The probability that a base station successfully receives a signal transmitted by a pedestrian device is PUS. In order to ensure that a pedestrian device signal is successfully received by a base station, the number of the transmissions from the pedestrian to the base station is MU, and
The length of a signal data and the processing rate of a pedestrian device are lU and μU, respectively. The time for a pedestrian device to process a signal data is tU, and
The time for a pedestrian device to successfully transmits a signal is TU, and
2) Communication delay between vehicles and base stations:
The probability that a base station successfully receives a signal transmitted by a vehicle is PVS. In order to ensure that a vehicle signal is successfully received by a base station, the number of the transmissions from the vehicle to the base station is NV, and
The length of a signal data and the processing rate of a vehicle are lV and μV, respectively. The time for a vehicle to process a signal data is tV, and
The time for a vehicle to successfully transmits a signal is TV, and
3) Communication delay between base stations and clouds:
The probability that cloud successfully receives a signal transmitted by a base station is PBS. In order to ensure that a signal of a base station is successfully received by the cloud, the number of the transmissions from the base station to the cloud is NBS, and
The length of a signal data and the processing rate of a base station are lBS and μBS, respectively. The time for a base station to process a signal data is tBS, and
The time for a pedestrian device to successfully transmits a signal is TBS, and 
IV. NUMERICAL SIMULATION RESULTS
Based on the system model in this paper, the numerical results are shown in this section. Table I summarizes parameters used in this paper [18] [19] [20] . The impact of the SINR threshold θ and the numbers of pedestrians M on the pedestrian signal transmission success probability PUS is investigated in Fig. 2 . When θ is fixed, PUS decreases with the increase of M. When M is fixed, PUS decreases with the increase of θ.
Based on Section II.B , the impact of the SINR threshold θ and the number of vehicles N on the vehicle signal transmission success probability PVS is same as the curve trend investigated in Fig. 2 . When θ is fixed, PVS decreases with the increase of N. When N is fixed, PVS decreases with the increase of θ.
Based on Section II.C , the impact of the SINR threshold θ and the number of base stations K on the base station signal transmission success probability PBS is same as the curve trend investigated in Fig. 2 . When θ is fixed, PBS decreases with the increase of K. When K is fixed, PBS decreases with the increase of θ.
The numbers of pedestrians, vehicles and base situations of the three situations are as follows: A: M=100, N=50, K=3; B: M=300, N=100, K=5; C: M=500, N=150, K=7. The impact of the SINR threshold θ on the signal transmission success probability PS and the total communication delay T under three situations of A, B and C are investigated in Fig. 3 and Fig. 4 , respectively. When θ is fixed, PS decreases and T increases under the three situations of A, B and C. When M, N and K are fixed, PS decreases and T increases with the increase of θ under the three situations of A, B and C. 
V. CONCLUSION
In this paper, we mainly focus on the analysis of transmission reliability and delay of safety-critical messages in V2X networks. By modeling the locations of pedestrians and base stations as randomly, the distances and aggregated interference among pedestrians, base stations and vehicles are analyzed. Moreover, the wireless multi-hop technology is adopted in this paper to overcome the bottleneck of limited transmission capability and queueing delay of the transmitted safety-critical messages between base stations and clouds, and the closed-form expressions of transmission success probability, transmission reliability and transmission delay are derived. By doing simulations on the proposed system model, we found that the transmission delay and reliability were coupled, and when transmission reliability increases with the received SINR threshold the transmission delay also increases simultaneously.
